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Introduction
Infant mortality rates have been used

to measure the general health and wealth of
societies. Early studies pointed to the ex-
istence of a social gradient of infant
mortality-increasing mortality rates with
decreasing social class-and suggested
that such differences in mortality would
disappear if the population achieved better
housing, clothing, and nutrition. Postneo-
natal mortality in particular has been
thought to be affected by improved envi-
ronmental conditions.I During this cen-
tury, many countries have developed and
have been able to provide their population
with better and more equitable environ-
mental conditions. In these countries, in-
fant mortality rates, especially those for
postneonatal mortality, have decreased.",2

Developments in technology and
medicine have led to the survival of many
more low-birthweight infants and, in many
cases, to the postponement of deaths from
the late fetal to the neonatal period and
from the neonatal to the postneonatal pe-
riod. Thus, the relative contribution of
neonatal and postneonatal mortality to in-
fant mortality has changed over time and
differs between societies.3 In Sweden, in-
fant mortality is relatively low, and less
than 40% of infant deaths occur in the
postneonatal period.4'5 When infant mor-
tality decreases, deaths from some causes
are more affected than others and the rel-
ative contribution of each cause changes.
A study on social differences in total infant
mortality is thus influenced by how causes
of death are distributed in the study pop-
ulation. For example, infant deaths
caused by congenital conditions have
slight-if any-association with social
class. This cause is responsible for more
than one third of all postneonatal deaths
among normal-weight infants in Sweden

today.2 On the other hand, sudden infant
death syndrome has repeatedly been
shown to be associated with social
class.6'7 The proportion of infant deaths
attributable to this syndrome is relatively
low in Sweden.8

Infant mortality varies with other
characteristics as well, such as maternal
age, parity,"2 and smoking habits.9 For a
better understanding ofhow the social gra-
dient in infant mortality works, it is im-
portant to adjust the class-specific risks
obtained for the influence of such possible
confounders. The aim of this study is to
investigate social differences in infant
mortality in Sweden by cause of death,
adjusting for the effects of maternal char-
acteristics.

Study PopultWion
This study was based on live births in

Sweden between 1983 and 1986, and it
was restricted to single births to mothers
aged 15 to 44 who were citizens of one of
the Nordic countries. Of 382 081 live
births, 7673 were multiple births, 5 were of
unknown birth type, 341 were to mothers
outside the age interval, and 18 461 were
to non-Nordic mothers. The remaining to-
tal of 355 601 live births constitute the
study population.

Data were obtained from four differ-
ent registers kept by Statistics Sweden
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and the National Board of Health and
Welfare. Record linkage was possible
through use of the mother's and child's
personal identification numbers.

From the Birth Register, with informa-
tion on practically all hospital deliveries
covering more than 99%o ofall births in Swe-
den,'0 information on mother's identifica-
tion number, age at delivery, parity, smok-
ing habits, and date of infant's birth was
collected. Smoling habits information was
based on the mother's self-report in early
pregnancy at her first visit to prenatal care.

The Education Register provided in-
formation on the length of the mother's
formal education as of the end of 1987.
Years of education were grouped so as to
parallel the Swedish school system, in
which a student normally attends compre-
hensive school for 9years, spends another
2 or 3 years in secondary school, and takes
at least 3 more years to finish undergrad-
uate studies at a university.

The Register of Causes of Death pro-
vided information regarding time and
cause of infant death using the infant's
identification number, which was ob-
tained from the Register of the Total Pop-
ulation. In Sweden, the Interaional Clas-

s#ficafton of Diseases, 8th version (ICD-8)
was used to classifycauses ofdeath through
1986; thereafter the ICD-9 was used. The
causes of death were classified into six
groups according to a classification devel-
oped by an international collaborative effort
for international comparisons." The groups
are congenital conditions, sudden infant
death syndrome, asphyxia-related condi-
tions, immaturity-related conditions, infec-
tions, and remaining causes (Appendix 1).
Between 1983 and 1985, autopsieswere per-
formed on 98% of sudden infant death syn-
drome deaths and on 70% of deaths from
other causes.8

Satiical Anaysis
Mortality rates were calculated for all

infant deaths and for each cause of death
by comparing all children dying from a
certain cause with all live births.

Multiple logistic regression analysis
was used to estimate the effects of the in-
dependent variables on mortality from a
certain cause of death.'213 Maternal age,
parity, smoking habits, and mother's ed-
ucation were used as independent vari-
ables because these have been shown to

be important risk factors.9 All variables
were categorized, and each category was
treated as binomial. To have the same
model for all causes of death, no interac-
tion terms were included and the same
reference group (25 to 29 years old, parity
2, and nonsmoker) was used in all analy-
ses. When a specific cause of death was
being analyzed, all children who survived
the first year were used as controls.

The estimates were used to calculate
odds ratios with 95% confidence intervals.
As a measure of the model's goodness-of-
fit, the likelihood ratio test was used. If the
model was not significant at the 5% signifi-
cance level, the multiple logistic regression
model was not considered to be a good de-
scription of the mortality ofthe children dy-
ing from that specific cause. In these cases,
no confidence intervals are presented.

The analyses were performed with
the SAS program package.'4"15

Results
Among the 355 601 live singleton

births were 2012 infant deaths, giving a
mortality rate of 5.7 per thousand. Con-
genital conditions were the main cause,
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reported for 778 deaths (39%). Immatu-
rity-related conditions and sudden infant
death syndrome accounted for 427 (21%)
and 324 (16%) deaths, respectively. As-
phyxia-related conditions caused 214
deaths (11%), and 157 deaths (8%) were
caused by infections. Cause of death was
missing for 12 deaths; these were grouped
with all remaining causes, forming a group
of 112 deaths (6%).

In Table 1, the number of live births
and the overall and cause-specific mortal-
ity rates are presented by maternal age,
parity, smoking habits, and length of ed-
ucation. Regarding maternal age, a
U-shaped pattern can be seen, with the
highest rates for the youngest and the old-
est mothers. The exception to this pattern
are death rates due to congenital condi-
tions, which increase with increasing age,
and to sudden infant death syndrome,
which decrease. When parity was high,
mortality rates in general markedly in-
creased. Maternal smoking greatly in-
creased risks for sudden infant death
syndrome, for which a dose-response re-
lationship was observed. To some extent,
this was also found among deaths caused
by immaturity-related conditions.

The influence of the mother's educa-
tion on infant mortality rates followed a
U-shaped pattern for total infant mortality
and for deaths caused by congenital and
asphyxia-related conditions. Sudden in-
fant death syndrome mortality decreased
with length of education. Except in cases
of deaths caused by infections, mortality
rates were higher than average when in-
formation on education was missing. it is
likely that women for whom such infor-
mation was missing have less education.

Results from the multiple logistic re-
gression analyses are presented in Table 2.
For most causes of death, the fit of the
model was better when adjustment was
made for smoking habits as well as for age
and parity. For asphyxia-related condi-
tions, the modelwas significant onlywhen
smoking habits were included. The crude
odds ratio for mother's education ranged
from 1.0 to 2.9 for the different causes of
death.

The differences between crude and
adjusted odds ratios were minor except
for deaths from sudden infant death syn-
drome. The crude odds ratio for the group
with the least education was 2.6. When
adjusted for age and parity, the odds ratio
changed to 1.6, and with further adjust-
ment for smoking habits, itwas reduced to
1.3. A similar pattern was also found
among women with 10 to 11 years of ed-
ucation.
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This led to further analysis of the ef-
fects of mother's education and smoldng
habits on sudden infant death syndrome
(Table 3). If the mother smoked between
1 and 9 cigarettes per day, the risk for
sudden infant death syndrome was 1.5
times higher than it was among nonsmok-
ers, with adjustment for maternal age and
parity. If the mother smoked 10 cigarettes
or more per day, the risk was 2.4 times
higher. Adjusting also for length of edu-
cation did not give better estimates.

Disussion
In Sweden, the gap between low and

high social class has decreased in many
respects. There are no social differences
regarding availability of and access to
health care for the mother and child. The
prenatal and child health care system is
available for everyone, and specialized
hospitals are available at no or low cost for
those who need special care.16 Housing
conditions are generally good, income dif-
ferences have become smaller, and there
is hardly any real poverty.

There are differences, however, in
length of education in Sweden. It is prob-
ably easier for a person with a long edu-
cation to understand information on pre-
vention and risk factors and toknowwhen
to turn to the health care system for help.
Using education as a social indicator is
also intuitively interpretable and useful for
international comparisons. In studies
from different countries, education has
been found to discriminate between social
groups6"17 and to be useful as socioeco-
nomic measurel8 partlybecause of its sim-
plicity.19

When analyzing Swedish infant mor-
tality by groups of causes of death, an ob-
vious social pattern-as measured by
length ofeducation-was found for sudden
infant death syndrome only. The crude
odds ratios for sudden infant death syn-
drome among infants to mothers with the
least education were significantly in-
creased. This result is in accordance with
other studies, in which analyses of sudden
infant death syndrome without adjust-
ments for other characteristics showed that
the risk was increased if education was
short6'2 or if the family was poor.7 Mater-
nal age, number of births, and smoking
habits are factors that vary between social
groups and affect mortality. As these vari-
ables were successively included in the
analyses, the elevated risk for sudden in-
fant death syndrome among infants to
women with less education decreased and
finally disappeared. In the results obtained,

significant crude odds ratios were the con-
sequence of an overrepresentation of
young mothers, multiparous mothers, and
smoking mothers among women with less
education.

The results show the importance of
including smoking habits in this type of
study. Most likely, some of the social dif-
ferences obtained in other studies were
effects of different smoking habits in dif-
ferent social groups, no matter how the
social variable was measured.

To detect differences in risks associ-
ated with maternal characteristics for cer-
tain causes of infant death, the causes
should be grouped to ensure homogeneity
within them and heterogeneity between
them. Whether a cause of death was re-
ported as due to immaturity- or asphyxia-
related conditions appears to be deter-
minedby chance in some instances. There
might also be some misclassifications. In
this study, in 55 deaths (13%) classified as
immaturity related, the birthweight was
2500 g or more.

It is also important that the groups are
not too small. This study included practi-
cally all live births in Sweden during 4
years. Still, the number of deaths in some
groups was relatively low, and the result-
ant mortality rates were so low that they
were difficult to interpret. Thus the gen-
eral impact of these deaths cannot be very
strong, and these groups may not be very
important from a public health perspec-
tive.

There is no generally adopted way to
group causes of infant death. Main groups
of three-digit ICD-codes have been ana-
lyzed.3'21 However, the ICD is based
more on organs affected than on the eti-
ology involved. To obtain groups that are
more homogeneous with regard to etiol-
ogy and/or aspects ofcare and prevention,
the groupings have been modified by ex-

perts.6,7,9,17,22 In this study, a grouping

originating from international collabora-
tive effort was used." In other studies
deaths have been classified into one major
group of preventable causes and another
of nonpreventable causes.2,6,23 However,
the definitions of these groups differ.
There seemed to be a general agreement
that congenital conditions or malforma-
tions are nonpreventable, whereas sudden
infant death syndrome was sometimes
seen as preventable2.23 and sometimes
not.6 In the present study, the risk for sud-
den infant death syndrome was signifi-
cantly influenced by the mother's smok-
ing, which must be assessed as a
potentially preventable risk factor.

During this period in Sweden, social
class, as measured by length of mother's
education, played a minor role as a risk
factor for all causes of infant death. The
increased riskfor sudden infant death syn-
drome among infants to mothers with
short education was substantially related
to differences in maternal age, parity, and
smoking habits. It seems reasonable to as-
sume that the relatively minor importance
of maternal education on infant survival
was a consequence of a generally high
standard of living; of high medical, tech-
nical, and economic developments; and of
the nationwide, free prenatal and child
health care system. O
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